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The ability of robots to listen to several things at once with their own “ears”,
improving the performance of search and rescue activities under severe conditions.

i.e., robot audition, is critical in
This paper introduces “HARK”

robot audition open-source software and its capabilities of suppressing ego-noise that is caused by robot’s own
movements such as motor, propeller and/or flying noise. Then it describes three main applications of robot audition:
1) Unmanned Aerial Vehicle (UAV) with a microphone array to capture sounds can localize a sound source by
suppressing ego-noise with either hovering, slow gliding or fast gliding. It can also recognize a sound source by CNN.

2) A serpentine robot with a microphone array can estimate its posture by sound.

It can also enhance a voice by

Online Robust PCA. 3) A robot with a LIiDAR and 32-channel microphone can visualize a sound map by

superimposing sound source directions on point clouds.
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Fig. 1 Development of Robot Audition Research
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Fig. 2 Stack of HARK [3,4]
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Fig.3 Algorithms for GEVD-MUSIC and GSVD-MUSIC

X and N show spectra of an input and noise signal. R and K
show correlation matrices for the input and noise signal. G is a
steering vector for sound directions ¢. P is called MUSIC
spectrum, and a peak with higher power than a threshold in P is
regarded as a sound source.
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Fig.4 A quadrotor with 16 microphones and a result of sound
source localization by flying around the sound source. Red and
blue circles indicate the ground truth and estimated sound source
localization, respectively [13].
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Fig.5 Akiteplane with a 8-channel microphone array. The
spectroguram shows that ego-noise drastically disappeared when
the rotor was off and the kiteplane flied in a glide mode [14].
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Fig.6 A Serpentine Robot with microphones, IMU and
loudspeakers. A pair of a microphone and an IMU and a loud-
speaker are alternately allocated along the body of the robot
[19,20,21].
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Fig.7 a) ET-2013 Exhibition Hall, b) Map generated by SLAM
with LiDAR, and c) Peacock robot placed at the red circle in c).

d) Point clouds (black points) obtained from LIiDAR and the
directions of separated sounds at ET-2013. E) Spectrograms of
captured sound, separated sounds 0, 1, and 2 from up to down,
which correspond to background noise, broadcasted female
voice, and talking male voice near the robot, respectively [24].
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